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(54) Title: PROCESS FOR TtlE TREATMENT OF MIXED PLASTIC-CONTAINING WASTE 

00 (57) Abstract: The invention relates to a process tbr the treatment of mixed plastic -containing waste composing at least 50 wt.% 
!^ of plastic, wherein an aqueous slurry comprising the mixed plastic -containing waste and an aqueous phase is kept at a temperature 
^ above ISO'^C during a residence step with a residence time of between 5 minutes and 5 hours, the pressure being at least autogenous, 
and wherein the aqueous slurry comprising the mixed plastic-containing waste and the aqueous phase is subsequendy cooled in a 
^ cooling procedure to at least a temperature at which the plastic fraction that was molten during the residence step, solidifies, and 
purified mixed plastic particles are formed, the temperature at which the aqueous slurry is kept during the residence step being chosen 
such tiiat at least 80 wt.% of the plastic melts, and in which process the formation of purified mixed plastic particles having at least 
one dimension larger than 20 mm is prevented through agitation during at least part of the pre~heating step, the residence step and/or 
the cooling procedure. 
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PROCESS FDR THE TREATMENT OF MIXED 
5 PLASTtC-CONTAINlNG WASTE 

The present invention relates to a process for the treatment of mixed 
plastic-containing waste comprising at least 50 wt,% of plastic, wherein an aqueous 
slurry comprising the mixed plastic-containing waste and an aqueous phase is kept at a 

10 temperature above 180°C during a residence step with a residence time of between 5 
minutes and 6 hours, the pressure being at least autogenous, and wherein the 
aqueous slurry comprising the mixed plastic-containing waste and the aqueous phase 
is subsequently cooled in a cooling procedure to at least a temperature at which the 
plastic fraction that was molten during the residence step, solidifies, and purified mixed 

1 5 plastic particles are formed. 

Such a process is known from US-A-3,826,789, The process of US- 
A-3,826,789 is primarily related to the dechlorination of polyvinyl chloride (PVC) waste, 
although the process is also said to be useful for composite materials containing PVC. 

The process of US-A-3,826,789 involves the heating of PVC or 

20 composite materials containing PVC in an aqueous solution of a basic inorganic 

material to between about 180°C and about SOO^C, at an elevated pressure in order to 
avoid volatilisation of the system involved. The system is maintained at a temperature 
within the range mentioned for from about 5 minutes to about 6 hours. After completion 
of this step, the contents of the system are removed, cooled and subsequently the solid 

25 material is filtrated and dried. 

A disadvantage of the process according to US-A-3, 826,789 is that 
the resulting purified mixed plastic is typically in the form of large chunks of material; 
this makes the purified mixed plastic difficult to handle, e.g. for subsequent transport: 
through pipes. 

30 It is an objective of the present invention to largely overcome said 

disadvantage. 

Said objective is achieved in that the temperature at which the 
aqueous slurry is kept during the residence step is chosen such that at least 80 wt.% of 
the plastic melts, and in that the formation of purified mixed plastic pari:icles having at 
35 least one dimension larger than 20 mm is prevented through agitation during at least 
part of the pre-heating step, the residence step, and the cooling procedure. 

The advantage of the process according to the invention is that 
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the purified mixed plastic resulting from the process appears in the form of small 
particles, which makes the purified mixed plastic better suitable for direct-- and, if so 
desired, automated - subsequent handling and transport operations, and better suitable 
for direct - and, If so desired, automated - use in applications, for example applications 
5 requiring a feeding step with a size limitation, e.g. feeding through a pipe to a burner or 
to an injection moulding machine. 

Another advantage of the process according to the invention is that 
chemical reactions and/or the transfer of non-plastic components into the aqueous 
phase are greatly facilitated. 

10 Any wt.% indications regarding any type of mixed plastic-containing 

waste or of purified mixed plastic particles as used in the context of the present 
invention is an indication valid for the overall average of said materials present in the 
space where the process according to the invention takes place; it is not a requirement 
for individual samples, particles or droplets which may vary significantly in composition. 

15 Mixed plastic-containing waste denotes, within the context of the 

present invention, waste from, in principle, any source. The waste should comprise 
plastic, and therefore has a plastic fraction and a non-plastic fraction. Since the source 
of the waste is not a given, the waste is defined as mixed; nevertheless, individual lots 
of mixed plastic-containing waste to be treated in the process according to the 

20 invention may well originate from one source and may even contain only one type of 
waste and/or only one type of plastic. 

Since the mixed plastic-containing waste as used in the process 
according to the invention may originate from a variety of sources, its composition can 
vary greatly. For example, the mixed plastic-containing waste may be generated by 

25 waste processing plants, for example plants that separate a plastic-containing fraction 
from municipal waste. It is also quite possible, however, that the mixed plastic- 
containing waste is generated through a targeted recycling program active in collecting 
industrial waste or specific post-consumer waste. 

Although the sources of the mixed plastic-containing waste may vary 

30 greatly, it should comprise at least 50 wt.% plastic. Plastic is defined in the context of 
the present invention as a compound comprising at least one polymeric resin and 
optionally additives commonly used in plastics such as for example pigments, 
plasticizers, and UV stabilizers. Additionally, plastics within the context of tine present 
invention are those plastics that can be melted at a temperature between 180^C and 

35 350°C, or, if the mixed plastic-containing waste comprises a mixture of various types of 
plastics, those mixtures of plastics wherein at least 80 wt.% is in a molten state at a 
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temperature between 180*^0 and 35C^C. A plastic is in a molten state when it has a 
temperature above its melting point (Tm, determined via Differential Scanning 
Calorimetry (DSC) acconJing to ISO 11357), or, in case melt temperature is not 
applicable due to the absence of a crystalline phase, Its glass transition temperature 
5 (Tg, determined via Dynamic Mechanical Thermal Analysis (DMTA) according to ASTM 
D5279). 

The remaining, non-plastic fraction in the mixed plastic-containing 
waste as used in the process according to the invention may comprise a wide variety of 
materials. Examples of said materials are: paper, cardboard, and other cellulose- 

10 containing materials; residues of adhesives; food residues; inorganic materials like 
minerals and glass; sand; metallic particles. 

The mixture of the mixed plastic-containing waste and the aqueous 
phase is defined as an aqueous slurry, since it will typically be a multi-phase system 
that may comprise both a liquid phase or multiple liquid phases as well as solid 

1 5 components. The aqueous phase comprises primarily water. It may also comprise 

additional components, such as a base. The aqueous phase may further comprise, in 
particular during the residence step and the cooling procedure, components that have 
transferred from the mixed plastic-containing waste. 

The slurry is kept at a temperature between 1 80^C and 350°C during 

20 the residence step. The temperature and time at which the slurry is kept during the 
residence step should be chosen such that at least 80 wt% of the plastic melts. Said 
temperature may therefore vary, depending on the type of plastic or mixture of plastics 
in the mixed plastic-containing waste. The temperature adjustment may be done 
through any suitable known means such as for example by using a heat exchanger. 

25 Volatile components such as water should remain substantially in the liquid phase 

during the process according to the invention; the pressure should therefore be at least 
autogenous, being the combined vapour pressure that is generated by the components 
of the slurry at the prevailing temperature. During the residence step, when 80 % of the 
plastic is in a molten state, certain processes, for example transfer of water-soluble 

30 components into the aqueous phase or dechlorination of chlorine-containing 

components, can take place. Variations in temperature, and thus in pressure during the 
residence step may occur within the range of parameters as given, for example if the 
slurry is transferred. 

Prior to the residence step the slurry can be pre-heated, if necessary, 

35 to the temperature between 180°C and SSO'^C in a pre-heating step. This is particulariy 
suitable for example when the process is carried out in a batch process, but may also 
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be applied when the process is performed in a a>ntinuous process. Alternatively, the 
mixed plastic-containing waste and the aqueous phase may be heated separately, 
before being mixed to fomn the slunry. If the resulting slurry Is already at the 
temperature between 180°C and SSCC it may not be necessary to heat the slurry any 
5 further. 

The residence step is followed by cooling down the slurry to at least a 
temperature where the plastic fraction that was molten during the residence step 
solidifies. Cooling may be done by any suitable known means such as for example 
passage through a heat exchanger, transfer to a flash vessel, or transfer to a flash 

10 vessel to which an additional aqueous cooling stream is fed. As the plastic fraction that 
was molten during the residence step solidifies, particles are formed, defined as 
purified mixed plastic particles. Depending on the further use of the purified mixed 
plastic particles, they may be separated from the aqueous phase by any suitable 
known means such as for example by passage through a sieve-centrifugal machine. If 

15 desirable, (part of) the purified mixed plastic particles may be subjected to a sink-float 
treatment in order to separate contamination originating from any of the non-plastic 
ingredients of the mixed plastic-containing waste. Suitable conditions for carrying out 
the sink float method can easily be determined by the skilled person, and depend on 
for example the plastic(s) present in the purified mixed plastic particles. If the purified 

20 mixed plastic particles mainly comprise polyolefins, the sink float method is preferably 

carried out in water. 

In the process according to the invention, the formation of purified 
mixed plastic particles having at least one dimension larger than 20 mm is prevented 
by creating a well-dispersed mixture. This can be effected for example by agitation. 

25 The agitation plays an important role in influencing the particle size. Since at least 80 
wt.% of the plastic fraction is in the molten state during the residence step, the plastic 
will then be substantially present in the slurry in the form of droplets. It was found that 
the droplet size is influenced by the extent of the agitation: the larger the extent, the 
smaller the droplet size. Furthermore, It was found that the extent of the agitation may 

30 depend on the weight ratio between aqueous phase and mixed plastic-containing 
waste. If said ratio decreases, the risk increases that the plastic particles or droplets 
agglomerate strongly, making it more difficult to prevent the formation of purified mixed 
plastic particles having at least one dimension larger than 20 mm. In order to avoid said 
agglomeration, the extent of agitation may be increased. Thus, in general, an increase 

35 of the extent of agitation will enable the use of a smaller weight ratio between aqueous 
phase and mixed plastic-containing waste at which the process of the invention can be 
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applied. Since the actual parameters of the agitation, such as revolutions per minute or 
energy input, will vary significantly as function of several parameters such as for 
example the viscosity of the aqueous slurry or the design of the agitation apparatus, 
these actual parameters can best be determined through routine optimisation 
5 experiments. 

It is the purpose to prevent the formation of purified mixed plastic 
particles having at least one dimension larger than 20 mm, preferably 10 mm. In order 
to achieve said purpose jt may not be necessary to perform the agitation continuously 
during the whole process according to the invention. If, for example, the mixed plastic- 

10 containing waste is still solid, which may occur when the slurry has not reached the 

temperature at which it is kept during the residence step, agitation may not be needed. 
Also, after the solid purified mixed plastic particles are formed during or after cooling 
agitation may not be necessary, in general, the necessity of agitation during heating, 
during the residence step and cooling can be established through routine 

15 experimentation using the guidance as given above. 

Preferably, the agitation is done by means of stirring or by means of 
forced turbulence-flow. Forced turbulence flow is defined as turbulence induced in the 
slurry during transfer; for example, it may be necessary to employ forced turbulence- 
flow in case the slurry is transferred between vessels, for example during transfer 

20 between a vessel where the slurry is heated and a vessel where the slurry is kept 

during the residence step. The turbulence may be induced through known means such 
as an increase of the speed of transfer or through the use of static mixers. Preferably, 
the agitation rs done, using the guidance as given above that a higher speed of 
agitation leads to a smaller droplet size, so that droplet size during the process Is 

25 between 50 p and 10 mm, more preferably between 100 p and 5 mm, so that the 
resulting purified mixed plastic particles are also within that range. 

Since the mixed plastic-containing waste may originate from a variety 
of sources, it may be advantageous, depending on various factors such as the wt.% of 
the non-plastic fraction or the shape the mixed plastic-containing waste is supplied in, 

30 to perfomn an operation on the waste prior to entering the process according to the 

Invention. If for example it is desired to reduce the wt.% of paper comprised in the non- 
plastic fraction, a paper-separation step using known means may be executed. If for 
example it is desired to reduce the wt.% of non-soluble and/or inert components such 
as glass or metallic particles, a step to reduce said components may be executed, for 

35 example by means of a magnet and/or by means of an air-sifting step wherein said 
non-soluble and/or inert: components are separated from the mixed plastic-containing 
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waste using gravity. It may furthermore be advantageous to perform a shredder step on 
the mixed plastic-containing waste. It may, alternatively or additionally, be 
advantageous to peiietize the mixed plastic-containing waste prior to the preparation 
step, in order to improve handling characteristics through an increase in bulk density 
5 and a more controlled size. Alternatively, it may be advantageous to submit the mixed 
plastic-containing waste to a pre-heating step so that it enters the process according to 
the invention as a stream that can be pumped, e.g. as a liquid or as a suspension. Said 
pre-heating step may be especially advantageous if the mixed plastic-containing waste 
comprises a high percentage, e.g. more than 75 wt.%, preferably more than 90 wt.%, 

10 of plastic. As will be understood, the pre-heating step Is more effective if the aqueous 
phase that enters the process according to the invention is also pre-heated to a 
comparable temperature at least the corresponding autogenous pressure. 

The mixed plastic-containing waste can comprise a wide variety of 
plastics, provided that at least 80 wt.%, preferably at least 90 wt.% of the plastic 

15 fraction melts at a temperature between 1 80°C and 350°C. Examples of plastics that 
may be comprised in the mixed plastic-containing waste suitable for the process of the 
invention are polyolefinic plastics (such as polyethylene (PE) and polypropylene (PP)), 
polystyrene (PS), polyalkylenehalides (such as PVC), polyamides, and polyalkylene 
terephtalates (such as polyethylene terephtalate (PET)). As the temperature to which 

20 the slurry is brought increases, the certainty that at least 80 wt.% of the weight fraction 
of plastic melts increases too. Preferably, the temperature during the residence step is 
higher than 200°C, more preferably higher than aSCC. In order to avoid unnecessary 
degradation of the plastic, the slurry should not be heated to above SSCC, preferably 
not to above 330°C. 

25 Preferably, the plastic fraction of the mixed plastic-containing waste 

comprises at least 30 wt.% of stable plastics such as polyolefins or PS, more preferably 
at least 50 wt.% of polyolefins and/or PS. The indication stable plastic in this context 
means that the plastic will not significantly degrade during the process of the invention. 
This has the advantage that the purified mixed plastic particles are suitable for a higher 

30 number of applications. For example, most polyolefins will melt but not significantly 

degrade during the process of the invention, this in contrast to some other plastics such 
as PVC, polyamides or PET that may have a tendency to degrade or hydroiyse to 
some extent during the process of the invention. The non-degraded plastics ensure 
that the purified mixed plastic particles have typical properties that can be expected 

35 from plastic or blends of plastic, such as Impact resistance or stiffness, so they may be 
used to produce shaped articles. 
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During the process of the present invention, many materials of the 
non-plastic fraction will degrade and/or transfer into the aqueous phase. Preferably, the 
non-plastic fraction does not comprise more than 20 wt.% of material that does not 
transfer into the aqueous phase, such as non-soiuble inorganic materials like minerals 
5 and glass, pigments, sand, and metallic particles, because it is beneficial for the 
properties of the purified mixed plastic particles if their non-plastic content as 
expressed in ash content is low. Ash content is defined as the weight percentage of 
material remaining of a sample after a heat treatment at 850^C during 4 hours. As 
indicated above, technologies such as those based on magnetism or based on air- 

10 sifting/gravity may be employed should it be desirable to reduce the wt,% of material 
that does not transfer into the aqueous phase to below 20 wt.%. The ash content of the 
purified mixed plastic particles is preferably below 10 wt.%, more preferably below 6 
wt.%, still more preferably below 4 wt.%. 

Halogen may be present in the mixed plastic-containing waste that is 

15 treated in the process according to the invention. In general, chlorine in mixed plastic- 
containing waste has three different major sources: inorganic chlorine salts such as 
kitchen salt or other chlorine-containing salts; PVC and other chlorine-containing 
plastics; and other organic chlorine-containing compounds. In the process according to 
the invention, the chlorine from all major sources transfers to a significant extent into 

20 the aqueous phase. It was found that removal of chlorine from the mixed plastic- 
containing waste is more effective if the temperature during the residence step is 
increased. The removal of chlorine from the mixed plastic-containing waste is also 
more effective if the residence time is increased, although the largest chlorine- 
removing action takes place in the first 20 to 30 minutes of the time the slurry is above 

25 1 80^C. Preferably, the temperature and residence time are chosen so that the purified 
mixed particles comprise less than 0.20 wt% of chlorine, more preferably less than 0,15 
wt.% of chlorine. Most end-users of the purified mixed plastic particles request that said 
particles comprise less than 0.20 wt% of chlorine, since the presence of chlorine may 
cause corrosion. Determination of the wt.% of chlorine in for example the mixed plastic- 

30 containing waste, the purified mixed plastic particles or the aqueous phase of the slurry 
may be done by means of known methods such as neutron activation analysis (NAA). 

The liberation of compounds during the process according to the 
invention, in particular chlorine-containing compounds such as for example 
hydrochloric acid (HCI) liberated from PVC, may lead to a more acidic environment. It 

35 can be beneficial, therefore, to compensate for this by the addition of a base so as to 
minimise corrosion of the materials of which the reaction space is constructed, in 
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principle, any base is suitable for this purpose; preferably, ammonia, an alkali or 
alkaline earth metal hydroxide, an alkali or alkaline earth metal phosphate, or a mixture 
of said bases is used. The addition of basic components may be done at the beginning 
of the process according to the invention by ensuring that the initial pH of the aqueous 
5 phase is higher than 7. The addition of basic components may, alternatively or 

additionally, be done during any stage of the process according to the invention, for 
example if more acidic components than expected are released or if for some reason 
the starting pH of the aqueous phase should be below a certain limit The addition of a 
base also can have the effect of accelerating dechlorination reactions. The addition of 

10 ammonia, in particular, is believed to have said accelerating effect. 

During the residence step, transfer of non-plastic material into the 
aqueous phase can occur; the residence step also enables dehalogenation. The most 
suitable residence time depends on both the specific composition of the mixed plastic- 
containing waste and the desired composition of the purified mixed plastic particles, 

15 and may vary within wide limits, in general between 5 minutes and 6 hours. For 
economical reasons, the residence time is preferably less than 2 hours, more 
preferably less than 1 hour or even 30 minutes. The person skilled in the art can easily 
determine the optimal residence time for achieving a certain transfer of non-plastic ' 
material into the aqueous phase and/or dechlorination through routine experimentation, 

20 For example, the routine experimentation may be done by starting with a short 
residence time of 5 minutes and then in subsequent experiments increasing the 
residence time until the transfer of non-plastic material into the aqueous phase and/or 
dehalogenation are according to the goals set out or do not change any more. During 
the routine experimentation process, the guidelines may be used that a higher transfer 

25 of non-plastic material into the aqueous phase will primarily require a longer residence 
time and possibly a higher temperature and/or a higher weight ratio between the 
aqueous phase and the mixed plastic-containing waste and or a larger extent of 
agitation, and that a stronger dehalogenation effect primarily requires a higher 
temperature and possibly a longer residence time and/or a higher weight ratio between 

30 the aqueous phase and the mixed plastic-containing waste and/or a larger extent of 
agitation. 

The weight ratio between the aqueous phase and the mixed plastic- 
containing waste during the residence step may vary within wide limits. In general, the 
amount of aqueous phase is preferably higher with decreasing weight percentage of 
35 plastic in the mixed plastic-containing waste, since then the amount of material that 
transfers into the aqueous phase during the process generally increases. The weight 
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ratio between the aqueous phase and the mixed plastic-containing waste may also he 
influenced by the characteristics of any subsequent treatment processes of the 
aqueous phase. For example, if the aqueous phase is send to a wastewater treatment 
facility, said wastewater treatment facility may impose limits on the amount of allowable 
5 waste per volume unit of aqueous phase, which could lead to an adjustment of the 
weight ratio between the aqueous phase and the mixed plastic-containing waste. 
Preferably, the weight ratio between the aqueous phase and the mixed plastic- 
containing waste is at least 0.5:1, more preferably at least 1:1, in particular at least 2:1. 
In wew of the general desire to limit the reactor volume, it is preferred that the weight 

1 0 ratio between the aqueous phase and the mixed plastic-containing waste is below 1 0: 1 , 
more preferably l>elow 4:1 . 

The pressure during the process of the invention should be at least 
autogenous, being the combined vapour pressure that is generated by the components 
of the slurry at the prevailing temperature. This will ensure that volatile components 

15 such as water will remain substantially in the liquid phase. Since components such as 
water do create a significant vapour pressure at temperatures between 180°C and 
350»C, the pressure during the process may rise strongly, for example to 8 - 10 MPa or 
higher at temperatures ©f about SOO^C or to even higher pressures at temperatures 
between about 300°C and 350°C. 

20 As indicated above, the droplet size of the substantially molten plastic 

and the particle size of the purified mixed plastic particles are influenced by the extent 
of the agitation. It was found that said sizes can be further influenced by adding an 
emulsifier to the slurry. Said emulsifier, leading to a decrease in droplet and particle 
size, may be added during any phase of the process according to the invention. 

25 Surprisingly, it was found that it is not necessary to add an emulsifier, while still 

influencing droplet size and particle size, if cellulose, typically in the form of fibrillar 
cellulose-comprising material, is present in the mixed plastic-containing waste. In view 
of this, it is preferred that cellulose-comprising compounds are also present in the 
mixed plastic-containing waste. It is preferred that the mixed plastic-containing waste 

30 comprises at least 0.5 wt%, more preferably at least 1 wt.% of cellulose. Since a very 
high amount of cellulose may hinder a smooth operation of the process according to 
the invention, it is preferred that the amount of cellulose in the mixed plastic-containing 
waste is 50 wt.% or lower, more preferably 25 wt.% or lower, even more preferably 10 
wt.% or lower. 

35 The process according to the invention may be implemented in 

various ways, such as in the form of a batch process or a (semi)continuous process. 
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Since the process according to the invention lends itself to both batch and 
(semi)continuous operation, the choice between those primarily depends on external 
factors such as scale of operation. 

The plastic particles that are the result of the process according to 

5 the invention are normally separated from the aqueous phase using any suitable 

known method. Said purified mixed plastic particles may then be used advantageously 
in a variety of applications. Since the purified mixed plastic particles already have 
dimensions that make them directly suitable as feedstock, no significant after-treatment 
such as agglomeration, pelletising or extrusion-granulation is generally needed in order 

1 0 to ensure efficient handling. This is especially economical when operating on industrial 
scale. Since the purified mixed plastic particles are retrieved by separation from an 
aqueous phase, it may be beneficial to subject the purified mixed plastic particles to a 
drying step prior to furiiher use, depending on the needs of the application for which the 
purified mixed plastic pari:icles are used. 

15 The purified mixed plastic particles may be used to produce shaped 

articles, using any of the known technologies used for plastic particles, such as 
compression moulding, injection moulding, extrusion, or rotational moulding. Since the 
process according to the invention is aimed at minimizing any undesired degradation In 
the plastic, the mechanical properties of the resulting shaped articles may approach 

20 those of articles shaped from the corresponding virgin plastic(s). 

The purified mixed plastic particles may also be used as ore-reducing 
agent in a blast furnace, for example to reduce iron ore during the production of pig 
iron. The purified mixed plastic particles are transformed in the blast furnace to a 
gaseous mixture comprising carbon monoxide and hydrogen; said gaseous mixture is 

25 typically used to reduce iron ore during the production of pig Iron. 

The purified mixed plastic particles may furthermore be used as fuel, 
or as secondary fuel, in furnaces, for example in pulverised coal-, cokes-, or brown coal 
fired furnaces. Fuel should generally have a high calorific value. The presence of 
compounds such as cellulose will typically decrease the calorific value since cellulose- 

30 base materials such as paper have a relatively low calorific value (typically 15 to 18 
MJ/kg), whereas plastics have a much higher calorific value (typically above 40 MJ/kg 
for virgin PE and PP). It was found that the calorific value of the purified mixed plastic 
particles according to the invention is typically higher than 30 MJ/kg, or even, higher 
than 35 MJ/kg. This properi:y, combined with the halogen content of, preferably, below 

35 0.20 wt.%, makes the purified mixed plastic partiicles particulariy suitable for use as 
fuel. 



wo 02/074845 



-11-- 



PCT/NL02/00178 



The present invention will be further illustrated by means of the 
following, non-limiting. Examples. 

Examples and com parative experiment 
5 Examples 1-X[ and the comparative experiment A were performed in a 

laboratory-scale 2-«liter autoclave made out of Hastelloy 276. The reactor had stirring 
capacity consisting of a stirrer, with 4 blades having a length of 25% of the diameter of 
the reactor, which could rotate at speeds up to 1200 rotations per minute (rpm). 

10 Examples l-V and comparative experiment A. 

The mixed plastic-containing waste, used as the starting material, 
was obtained from a German post-consumer recycling system (so-called DSD- 
material). The mixed plastic-containing waste was analysed and turned out to consist 
of particles having no dimension larger than 10 mm, to comprise on average 1.24 wt.% 
15 of chlorine (determined via NAA) and to comprise 1 .5 wt.% of cellulose-comprising 
fibrillar material (such as paper). The ash content of the DSD material after a heat 
treatment at 850 for 4 hours was 4,05 wt 

The reaction was carried out in four steps: 

a) a preparation step, in which the DSD-material was brought into contact with an 
20 aqueous phase to form a slurry; ammonia was used, the initial pH of the aqueous 

phase being 10.9; 

b) a pre-heating step, in which the slurry was brought to the temperature as indicated 
in Table 1 , the pressure being autogenous corresponding to the used temperature; 

c) a residence step, in which the slurry remained, during a residence time as 

25 mentioned in Table 1 , at the temperature mentioned In Table 1, the pressure being 

autogenous corresponding to the used temperature, and the slurry being stinted as 
indicated in Table 1; 

d) a cooling step, in which the slurry was cooled to room temperature, and the slurry 
being stirred as indicated in the Table; 

30 The results of Examples l-V and comparative experiment A are given 

in Table 1. 
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Table 1. 



Example / 

comparative experiment 


A 


1 


II 


III 


IV 


V 


End temperature pre-heating step 
{°C) 


300 


300 


250 


250 


300 


250 


Residence time (min) 


120 


120 


30 


120 


60 


60 


Aqueous : solid (weigfit rsitio) 


2 


4 


3 


3 


2 


2 


Stirring speed in pre-heating step 
(rpm) 


1200 


600 


1200 


1200 


1200 


1200 


Stirring speed in residence step 
(rpm) 


1200 


600 


1200 


1200 


1200 


1200 


Stirring speed in cooling step 

(rpm) 


0 


1200 


1200 


1200 


1200 


1200 


% chlorine removal* 


n.d. 


94 


80 


85 


92 


81 


Purified mixed plastic particles: 














- particle size, Dio (mm) 


n.a. 


0.6 


0.45 


0.6 


0.6 


0.7 


- particle size, D50 (mm) 


n.a. 


2.7 


1.4 


1.7 


1.2 


1.8 


- particle size, Dgo (mm) 


n.a. 


3.9 


2.7 


3.5 


1.8 


3.8 


- chlorine content (wt%) 


n.d. 


0.076 


0.246 


0.192 


0.106 


0.236 


- ash ojntent (wt%) 


n,d. 


n.d. 


n.d. 


n.d. 


3.71 


n.d. 


- bulk density (kg/m*) 


n.d. 


640 


465 


620 


680 


600 



%; chlorine content was determined by pyrohydrolysrs according to DIN 51727, followed fay ion 
chronnatography. 
n.a. = not applicable 
n.d. = not determined 



The resulting treated material of comparative experiment A became 
10 available as essentially one lump, due to insufficient agitation during the cooling step. 
The purified mixed plastic particles obtained using the process according to the 
invention are small, as shown in Table 1 . 

Table 1 shows that the examples performed according to the 
invention at 300 (e.g. Example IV) show a significantly better chlorine removal than 
1 5 those performed at 250 °C (e.g. Example V). 
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Example VI 

Example VI was performed using the same procedure and starting 
material as used in the Examples l-V, with the exception that in addition to ammonia, 
Ca(OH)2 was used as a base, the weight ratio ammonia : Ca(OH)2 being 1:4. The 
5 temperature during the residence step was 250 °C, the residence time 60 min and the 
aqueousrsolid weight ratio 2. Despite the relatively low end temperature of the pre- 
heating step, the resulting particles had a chlorine content of only 0,130 wt%, 
corresponding to 96 % CI removal, showing that Ca(OH)2 has a positive effect on the 
removal of chlorine from the starting material used. 

10 

Examples VH-Xl 

The starting material, the "mixed plastic-containing pellets", having a 
diameter between 7.0 and 4.8 mm, were obtained from municipal and industrial waste. 
The mixed plastic-containing pellets were analysed and turned out to comprise on 
15 average 0.48 wt.% of chlorine (determined via NAA) and to comprise 19.4 wt.% of 
cellulose-comprising fibrillar material (such as paper). The ash content of the mixed 
plastic-containing pellets after a heat treatment at 850°C for 4 hours was 4.7 wt.%. 

Examples Vll-XI were performed as Examples i-V, with the foliowihg 

exceptions: 

20 - "mixed plastic-containing pellets" were used instead of DSD material 

- in Examples X and XI Ca(OH)2 was used additionally to ammonia, the ammonia : 
Ca(OH)2 ratio being 1 :4 and 1 :5, respectively; 

the slurry was stirred during the pre-heating, residence and cooling steps as 
indicated in the Table 2; 
25 The results of Examples Vll-XI are given in Table 2. 
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Table 2. 



Example 


Vil 


Vlli 


iX 


X 


XI 


End temperature pre-heating step 

fC) 


300 


275 


275 


275 


250 


Residence time (min) 


60 


60 


120 


60 


60 


Aqueous : solid (weight ratio) 


2 


2 


2 


2 


1 


% chlorine removal* 


92 


91 


90 


94 


95 


Purified mixed plastic particles: 












- particle size, Dio (mm) 


0.5 


0.6 


0.6 


0.2 


0.5 


- particle size, Dgo (mm) 


1,2 


1.4 


1.3 


0.7 


1.4 


- particle size, D90 (mm) 


2.0 


1.9 


1.9 


1.5 


2.0 


- dilorine content (wt.%) 


0.037 


0.045 


0.049 


0.031 


0.023 


-bulk density (kg/m") 




512 


n.d. 


n.d. 


n.d. 



n.d. = not determined 

* Calculated as: chlorine content purified mixed particles / chlorine content DSD material x 100 
5 0/^. chlorine content was determined by pyrohydrolysis according to DIN 61727, followed by Ion 
chromatography. 

Example XII. Heating values 

Lower and higher heating values were measured according to ISO 
10 1170 and NEN~ISO 1928, respectively, for the mixed plastic containing pellets as used 
as the starting material in Examples Vll-Xl. and for the purified mixed plastic particles 
obtained after applying the process according to the invention. The results are given in 
Table 3. Typical values for coal are also provided. 

15 Table 3. 





Mixed plastic- 
containing pellets 
(starting material) 


Purified mixed 
plastic particles 


Coai as used in 
power plants 
(typical value) 


Lower Heating 
Value (MJ/kg) 


31.5 


38.0 


29.5 


Higher Heating 
Value (MJ/kg) 


33.5 


40.5 


30.4 



Table 3 shows that the heating values increase significantly upon applying the process 
according to the invention, and are higher than the typical heating values for coal. 
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Example XIII-XVI Large scaie experiments 

Examples XIII-XVI were performed in a AISI 316 Ti steel 10-liter 
autoclave having an Internal height of 50 cm and an internal diameter of 17 cm. The 
reactor was equipped with three stirrers, each with 4 blades mounted under a corner of 
5 45 ^, which rotated at 1200 rotations per minute (rpm). The rotating direction of the 
stirrer was such that the aqueous phase, together with the mixed plastic pellets, was 
transported downwardly. Additionally 6 baffles were applied in the reactor wall at a 
height of 30 cm measured from the reactor bottom and with a width of 2 cm. 

The starting material was the same as used in Examples XII-XL 
10 In Example Xlll 32.0 wt% of mixed plastic pellets (2.1 kg), 67.4 wt% 

(4.3 kg) of demineralised water, 0.6 wt% of ammonia (dosed 160 g of a 25 wt% 
ammonia solution) were added to the reactor, combined to a slurry and then heated to 
275 ^C. The residence time at 275 °C was 1 hour Subsequent cooling was done to 
room temperature. The slurry was stirred at 1200 rpm during pre-heating, during the 
15 residence step and during cooling. The pressure was the autogenous pressure 
corresponding to the temperature as reached in the pre-heating step. 

Examples XIV-XVI were performed as Example XIII, with the 

exceptions that: 

. 1 .8 wt% ammonia was applied in Example XIV instead of 0.6 wt% ammonia in 
20 Example XIII. 

. 1 .2 wt% of ammonia and 0.6 wt% of sodium hydroxide were applied In Example XV 

instead of 0.6 wt% of ammonia in Example Xlll. 
- 0.6 wt% of trisodium phosphate was applied in Example XV! in addition to the 
ingredients used in example Xlll. 
25 The results of Examples Xlll-XVI are given in Table 4. 
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Table 4. 



Example 


xm 


XIV 


XV 


XVI 


pH after the cooling step 


5.5 


7.7 


8.4 


5.5 


% chlorine removal * 


84 


91 


98 


96 


Purified mixed plastic particles: 


- particle size, d < 4.0 mm (wt.%) 


100 


99.9 


98.3 


99.5 


- particle size, d < 2.0 mm (wt.%) 


100 


99.0 


91.7 


88.7 


- particle size, d < 1.0 mm {wt.%) 


34.7 


42.5 


34.8 


17.4 


- particle size, d < 0.5 mm (wt.%) 


7.9 


2.9 


1.9 


1.5 


- chlorine content (wt%) 


0.076 


0.045 


0.01 


0.02 


- phosphor content (wt%) 


0.02 


n.d. 


n.d. 


0.055 


- ash content (wt%) 


3.4 


2.5 


2.4 


2.5 


-water content (wt%) 


0.4 


0.3 


0.3 


0.3 


- Higher heating value (MJ/kg) 


44.0 


44.1 


44.2 


44.3 



n.d. = not determined 

* = Calculated as: chlorine content purified mixed particles / chlorine content DSD material x 
5 1 00 %; chlorine content was determined by pyrohydrolysis according to DIN 51727, followed by 
ion chromatography. 

Table 4 shows that a higher amount of amnnonia results in a better chlorine removal 
(Example 14). The effect is even larger when NaOH is used in addition to ammonia 
(Example 15). When trisodium phosphate was used in addition to ammonia, also a very 
10 efficient chlorine removal was observed, Trisodium phosphate may be added as a 
corrosion inhibitor. 
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CLAIMS 



1 . Process for the treatment of mixed plastic-containing waste comprising at 
least 50 wt.% of plastic, wherein an aqueous slurry comprising the mixed 

5 plastic-containing waste and an aqueous phase is kept at a temperature 

above 180°C during a residence step with a residence time of between 5 
minutes and 6 hours, the pressure being at least autogenous, and wherein the 
aqueous slurry comprising the mixed plastic-containing waste and the 
aqueous phase is subsequently cooled in a cooling procedure to at least a 

10 temperature at which the plastic fraction that was molten during the residence 

step, solidifies, and purified mixed plastic particles are formed, characterised 
in that the temperature at which the aqueous slurry is kept during the 
residence step is chosen such that at least 80 wt.% of the plastic melts, and in 
that the formation of purified mixed plastic particles having at least one 

15 dimension larger than 20 mm is prevented through agitation during at least 

part of the pre-heating step, the residence step and/or the cooling procedure. 

2. Process according to claim 1, wherein the agitation is done by means of 
stirring or forced-turbulency-flow. 

3. Process according to claim 1 or claim 2, wherein the largest dimension of the 
20 purified mixed plastic particles is between 50p and 5 mm. 

4. Process according to any one of claims 1 - 3, wherein the temperature during 
the residence step is between 200°C and 330°C. 

5. Process according to any one of claims 1 - 4, wherein the plastic fraction of 
the mixed plastic-containing waste comprises at least 30 wt.% of polyolefins. 

25 6. Process according to any one of claims 1 - 5, wherein the purified mixed 
plastic particles comprise less than 0.20 wt% of chlorine. 

7, Process according to any one of claims 1-6, wherein the aqueous slurry 
comprises a base and has a pH of at least 7. 

8, Process according to claim 7, wherein the base is chosen from the group 
30 consisting of ammonia, an alkali or alkaline earth metal hydroxide, and a 

mixture of two or more of the above mentioned bases. 

9, Process according to any one of claims 1-8, wherein the weight ratio between 
the aqueous phase and the mixed plastic-containing waste during the 
residence step is between 0,5:1 and 10:1. 

35 10. Process according to any one of claims 1-9, wherein an emulsifier is added 

*n thia call irn/ 
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1 1 . Process according to any one of claims 1 - 9, wherein the mixed plastic- 
containing waste comprises between 0.5 wt.% and 25 wt.% of cellulose, 

12. Process according to any one of claims 1-11, wherein after the residence step 
or the cooling procedure the slurry is subjected to a sink-float treatment. 

5 13. Use of the purified mixed plastic particles formed according to any one of 
claims 1 - 12 in shaped articles. 

14. Use of the purified mixed plastic particles formed according to any one of 
claims 1 - 12 as ore-reducing agent in a blast furnace. 

15. Use of the purified mixed plastic particles formed according to any one of 
10 claims 1 - 12 as fuel or as secondary fuel in a furnace. 

16. Use according to claim 15, wherein the furnace is a pulverised coal-, cokes- or 
browncoal-fired furnace. 



